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ABSTRACT

A guide has been developed that contains
the Resgearch Computation Center standards for
documenting, revising, classifying, submitting,
identifying, obtaining, and evaluating computer
prc¢ rams al WRL. It is anticipated that the
use of such standards will promote efficient
organization of an RCC Program Library and will
provide for maximum effective usage of tiis
program library throughout NRL,

PROBLEM STATUS

A final report on cne phase of the problem;
work is continuing on other phases,

AUTHORIZATION

NRL Problem B0O2-03
Project RR C03-09-41-5101
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RESEARCH COMPUTATION CENTER PROGRAM PUBLICATION GUIDE

I. INTRODUCTION

Thiz guide contains the Research Computation -enter (RCC) standards
for decumenting, revising, classifying, submitting, identifying, cttainin.,
and evaluating programs which exist or are to exist in the Control Data
Corporation CO-0P Users' Group (C0-OP) and/or RCC Program Library. These
proposed standards are in part patterned after those proposed by CO-OPF.

Fage numbers of this Guide consist of the Chapter Number followed uy
& sequertial mmber; e.g., "2-1" means Chspter II, page 1.

Chapter II contains information on how to specify zero and the
letter O, how to specify blanks, and when to use upper case and lower case
letters in documentation.

Chapter YII specifies the format for program documentation. Write-ups
of major prorrams of a permenent nature will be published as NRL Reports
and/or NRI. Computing References. Wri‘e-ups of other programs that are of
a more temporary or changeable nature will be published as NRL Memorandum
Reports and/or NRL Computing Bulletins. The decision as to which caterory
8 write-up belongs usually will be made by the program originator and the
RCC. Programs will aiso be submitted to CO-OP upon request by the
contritutor,

Chapter 1V describes the program identification numbering system tha:
is used to uniquely identify each program or subroutine deck. This mumier
will alse be uged for filing purpuses in the RCC Prograsm vibrary.

Chapier V specifies standards for inteirnal documentatiorn f programs
uging comment or remark cards,

Chapter VI defines the minimum equipment configuration that is
assumed in documentation of programs.

Chapter VI1 specifies the procedures for supplementing or revisins
a program write-up.

(hapter 1Il specifies the procedure for submitting a program to
C0-0P and/or RCC for inclusion in the RCC Program Library.

Chapter IX speciries the contents of a program brief which is

necessary in w.uwr w ovotain an RCC Identification Number for a pro,ram
deck., Addendum b contajns 8 sample program brief.

l=1




Chapter X speciiies the procedure for obtaining a program which
cxists in the CO-OF and/or RCC Propram Licrary.

“hapter XT ives the suumittal form required bty CD-0P when suwmittine
a program, addendum 0 contains a sample sutmittal torm.

“hapter X11 lves tne evalnation form required by the RCC when aisiny
a (0-0P and/or RCC Tiirary progcram.
"
Thapter XIT1 lis's and defines the classiivication codes used Ty
CO-0F and the KOO,
Addenduwn A s ives the write-up ol a sulroutine using ithe reccommenaded
rormat i.en in Chapter IIT.
Addendum B ceniains & sample program vrief as descrived in Chaprer IX,
Addendum U con-ains a sample submittal form as described in Chapter XI.
ftoshoald be poted that throughout this ;uide, any retrerence 1o tie
KCC Prooram Litrary {s not a reference to the commiter system librar.
(i.e., the on=line 'itrary fi'e). ‘The RCC Procram Litrary is simpl, a
Ollection off prograns maintained on file by the RCU, where each pro ranm
ok 15 wnlquely identitied by an RCC Identiti-atrion Numter as derined
LrooJaapter 1N,




II

. DOCUMENTATION STYLE STANDARDS

GRAPHIC CONVENTIONS

Q_ngsus Q

The letter O 1s typed f when it appears in examples
and definitions of text to be input to the compurer,
but not otherwise. For example: The control card
"gC¢MPASS,L" will cause COMPASS assembly with &

listing., In particular, examples of computer sutpa:
do not need slashed O's.

Blanks

When it is necessary to call attention to explicit
vlanks in a text, carets are used. For example:
The termination lavel is " ENDREEL,FINAL,,".

UFPER CASE versus 1. ™R CASE

When referring to a language in yeneral it is appropriat:
to write the lanruage name in lower case letters with “he
initial letter in upper case (e.r. - Fortran), Howsier,
the proper name of a particular compiler or system ls
nsually written in upper case (e.r. - FORTRAN TV, DRUM
SCOPE).,




III. FORMAT FOR DOCUMENTING PROGRAMS AND SUBROUTINES

Suown below is the basic outline of the format, to be used whenever
rossible, to document programs or subroutines. Following the basic
outline is the format including a detailed description of each heading.
This format is patterned after that contained in the "CO-OP Handbook,
Part II1: Program Catalog, Section 1: Program Classification Requirements”
of June 1968. Users wishing to submit their programc to the RCC for

. distribution to CO-OP and/or to other users are encouraged tc follcw
these conventiocns.

All items of the format should be completed by the author where
possible. All information essential to the usage of the routine must
be included. When an item is not applicatle, or has not been determined,
this should be explicitly stated. If necessary, the user may consult
with RCC staff members to determine how to hardle any items in dcubt.

Throughout the write-up, exampies should be used to clarify and
illustrate usage.

Addendum A gives the write-up of a subroutine using the format
specified below,

The basic outline is as follows:

1.0 IDENTIFICATION -

Title

Identification Name
Classification Code

RCC ldentification Number
Entry Points

Programming Language
Computer and Configuration
Contributor or Programmer
Contributing Organization
Program Availability
1.10.1 Submittal

1.10.2 On File

1.11 Verification

1.12 Date

=0 = O\ Flw -
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2.0 PURPOSE
2.1 Description of the Routine
2.2 Problem Background

3.0 USAGE
3.1 Calling Sequence or Operational Procedure
3.2 Arguments, Parameters, and/or Initial Conditions
3.3 Space Required (Decimal and Octal)

3.3.1 Unique Spuce
3.3.2 Common Storage

3.3.3 Temporary Storage
3.4k Messag s and Instructione to the Operator

3-1
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Error Returns, Messages, and Codes
Informative Messages to the User
Input

Output

Formats

External Routines and Symbols
Timing

Accuracy

Cautions to Users

Program Deck Structure

References - Literature - Appendices
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4.0 METHOD OR ALGORITHM

5.0 FLOW CHART AND/OR SOURCE LANGUAGE LISTING

6.0 COMPARISON

7.0 TEST METHOD AND RESULTS

8.0 REMARKS

The format including a description of each item is as ifullows:

1.0 IDENTIFICATION

1.1 Title -

Give a descriptive title of the routine, limited

to epproximately fifty characters which are included
in the Fortran character set, to facilitate indexing
and listing.

1.2 Identification Name

This descripior consists ¢f the following three
items of informstion, separated by hyphens:

(a) the two character classification code
as defined in section 1.3.

(b) the CO-OP code for the contributing

 organization (NRL).

(c) an alphanumeric descriptor of the rcutine
not to exceed eight characters. This
name can not contain embedded blanks or
special characters.

The identification name is used by CO-OP and the
RCC for further indexing and identification.

For example, given an NRL routine with a classification
code of C3 and a descriptor of BESSEL, the identifi-
cation name would be C3-NRL-BESSEL.

3-2
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1.3

1.b

1.5

1.6

1.7

1.8

Classificaticn Code

Give both the code designation(s) and the verbval
translation. The code designation consists of a
letter, indicating the primary class, followed by
a digit indicating the sub-class. The a.ailarle
classification codes and their descriptions are
given in Chapter XIII.

RCC Identification Number

This eight digit code number uniquely identifies
each program or subroutine deck. The content and
construction of this number is described in

Chapter IV. List each program and subroutine along
with the identification number for each when appli-
cable.

Entry Points

Giv > the aiphanumeric code naise of each eniry
point in alphabetical crder. If the name of the
routine in which the entey point occurs is differ-
ent frem the entry point name, then the neme of
the routine should eppear in parentheses to the
right of the entry point name.

Programming Language

Indicate the language(s) in which ihe routine ic
written, and specify tae type of routine, i.e.,
program, sulroutine, or system. Also specify the
cperating system under which the routine was written
and tested,

Computer and Configurai.ion

Specify the computer for vhich the routine was

written (e.g. - CDC 3807). If a special configura-
tion or equipment complement different from that
detined in Chapter VI is needed, state the particulars,

Contributor or Programmer

Specify the name, NRL code, branch, and division
of the programmer(s) who wrote the routine. Ir
someone other than the pragrammer(s) given should
be contacted in case of difficulties with the
routine include this information.

3-3
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1.9 Jontributing Organization
Include the CC-OP organization code {NRL), name
(Naval Research Laboratory), and address (Washington,
D.C. 20390) of the contributing organization.
1.10 Program Availability
1.10.1 Sabmittal
List all of the materials pertaining to the
routine which are being submitted to CO-OP
and/or RCC (Exsmple: Program write-up,
Fortran source deck, source iisting, etc.).
1.10.2 On File
Specify means of ottaining the routine ir
other than through the means stated ir
Chapter X. For example, the routine might
be on the on-line system library, in a perma-
nent file on mass storage, or on file by the
contributor, Also specify all the materials,
pertaining to the routine, which exist on file
by the contributeor if other than those given
in Section 1.10.1.
1.11 Verification
This section is to pe used by the RCC to indicate to
vhat extent the RCC has checked the routin: and the
testing procedures used,
1.12 Date
Specify the date of the routine write-up. Should any
: revisions be made to an existing routine, the original
! date and the dates of any other revisions shail ove
included together with the date of the current revision.
2.0 PURPOSE
E 2.1 Description of the Routine

Give a brief general description of what the routine
does. The purpose should provide sufficient information
so that a reader can decide whether or not the routine
may meet a particular need.

3-h




3.0

USAGE

——

2.1

Spe1fy the unique protlem cheracreristics tiat les

he program, pricr techriques employed in ar &' =uf
iLve the protlem, and limizatjors of rricr
iiques trat pretented an erfectiite sciuticrn,

Calling Sequence or Operaticnal FProcedure

- W

pecify the call(s; — procedure(s) whioch is necessury
o oatilize the routine(s), including tn

enlry points, CSpecifly and define the runciicn ©
entry points.

Ariuments, Parsmeters, and/or Initiel Cor’l-ions

Pescribe ali argumentis, .arepeters, and arrays neecded
to utilize the routine(sj. This descriptiorn should
inciude what the argu-ents represent in the physical
problem, mode, and any size information or iimitations,.
Alsc des-ribe any assumpt’ous made b, each routine
wnen it is called.

Spr ¢ Required (Decimal and Octal)

3.3.1 Unique Storage

Specify all unique core space requirements ol
the routine, excluding common blocks,

3.3.2 Common Blocks

Specify the name and length of &'l common Lio ks
required by the routine. Also specify the name:s
of the arrays or cells within each common 0. ok,
including their length, their funciion, their
inode, and a1l routines waich use each rell or
irray. One concise way to show some of this
information is shown by the following imaginary
example:

e

SRE

B Vo R 0 G Kl S A e




3.4

3.5

ROUTINES COMMON BLOCKS

l T
HLOCK_RDC BLOCK_SK’
' * * *
ADVG|ADV@ [NCW[NTP { S@PRTAR(257) ISCALE(S6)
ADDLIST X { X X
FI L] X
| PRSP S 1 e B S
MUL.C X X X X
R SIEPE el e e s ——
RDSPEC X X
U I O § SRS T
SPECPR X | xlx X
SPECPN X | X
- — —— e 4 -
TOTAL X X

* ipndicates real (fleoating point) mode
(a1l other variables are in integer mode)

3.3.3 Temporary Storage

Temporary storage areas are those areas that
contain pertinent information only at certain

times in & run and at all other times the contents
of the areas could be destroyed without consequence,.
Specify the names of temporary storage and the size
of each along with the names of all rcutines that
use the temporary storage. It should te approp-
riately noted if the temporary storage 1s included
in unique or common,

Messages and Instructions to the Opersator

Specify and define any messages given to the operator Ty
the routine and any special operator instructions such as
special tape handling procedures. In general, cutput
messages to the operator are discouraged by the RCC,

Error Returns, Messages, and Codes

Include a list of the error situations (error returns,
error codes, and error stops) that are detected and the
action taken. Any disgnostic messages should be speci-
fied and described., Also specify whether each error
causes normal or abnormal termination or jot execution.
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3.6
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3.9

3.10

If' an error situation in this routine can cause
diagnostic action by another routine or the system
monitor, this action should be described. When
possible, recommend the action for the programmer
and/or operator to take.

Informati.e Messages to the User

Specify and define any messages that give information
rather than indicate an error. All messages in ikhis
category assume that the run continues without any
action on the part of the user.

InEuL

Include (where applicable) the input media (cards,
magnetic tape, etc.), logical unit assignments,
labels, densities, tape numbers, and clerifying
descriptions for &l1 input required by the routine.

Output

Include (where applicable) the output media, logical
unit assigments, labels, densities, tape numbers,

and clarifying descriptions for all output gererated
by the routine. Estimates of the output volume shouié
also be included when possible.

Formats

Descrive the formate and contents of all input and
output data, Often it is helpful to include a list
of format statements or format specifications for
each field.

External Routines and Symbols

List in alphabetic order each routine and the external
symbols that each routine calls. One concise way to
show this information is by use of a table that would
have the names of the routines down the left side, all
external symbols across the top and checks in the
appropriate rows and columns. If the name of the
routine in which the external symbol wcours is differ-
ent from the external symbol,; then the name of the
rcutine should appear in parentheses to the right of
the external symbol. Also indicate where each external
routine is physically located (system librury, RCC
Program Library, etc.) if not within the program deck.

e o ———————— 5




4.0

5-0

2.1 Timing

Wher. possinle, estimates of running time should tre
pro-ided,

|
3.12 Accurac[

Foo mathematical routines, statements of accuracy,
precision, or the magnitude and propasation of errors
should be included.

v

3.13 Cautions to Users

Include anything of a cauticnary nature.

3.14 Program Deck Stricture

Specify the deck structure for a run, includins control
cards, routines, and data.

3.15 References - Literature - Appendices

List and describe any references, literature, appendices,
or other documentation that pertain to this routine.

METHOD OR ALGORITHM

Descrite how the routine works in regard to ile mathematics

or algorithm, Describe the progsramming techniqies and methuods,
supporting theory, desi;n, computation equations, and the
derivations of the compuatation equations to substantiate or
illustrate the program and emphasize its advantages, if any,
over previous methods.

FLOW CHART ANDZOR SOURCE LANGUAGE LISTING

Flow charte should be submitted whene\er they are availavle

and not too lengthy, particularly for machine language routines,
Large programs should .ave both generel and detailed flow
charts, The general flow chart consists of one block for

each subroutine. A source language listing should .nly be
included when 1t is fairly short. If a flow chart or scuirce
language listing is available but is not belng included here,
state how it may be obtained,

3-8
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1 similar progrars exist in the C0-OP and/or RCC Program
L.itrary a comparison should ve made with respect to such
rrocrams aiscussing the advantages and disad.antages of the
new rontine and indicating any programs which are made

Gitas Letey,

Tris o METHOD AND RESULTS

Inctude test data used and results obtained in checking tue
cperation and acruracy of the routine.

KEbEKS

cive any oliier information that may Le usetul,




Iv.

FROGRAM IDFNTIFTCATION NUMEERING SYSTEM

An RCC program identitf'ication number is given to any program or

sairoutine

provioes

aek Lt ve I'Nied in the RCC Program Library. This number

1 means for identifying the foliowing items:

. 1. DSource program or subroutine decks
2. Application classification of the program
3. The prugram originator
. 4. 'The level ol program revision
'The RCC proyram identification number consists of eight charac-ers
that are determined as follows:
Character Current
Number Function Assignments
1,2 Classification One letter followed
Code by one digit {Sce .ist
in Chapter XIII)
3,k,0 A 3-digit serial 000-999 (range)
(within each
‘ class) number
assigned by RCC
g Originator code C - CO-0F
R -~ RCC
@ - Other NRL
T - Tenant Acti.ities
N - Non-NRL
7,6 A 2-digit program 00-99 (range)

‘ ' (a)

(v)

revision code

A program identification number can be obtained from the RCC upon
submittal or a Program lrief (see Chapter IX) to the RCC by the programmer.
It *he program deck is to be physically located in the RCC Pr gram Li:rary
f'ile it is additionally required that the program card deck which is
submit'ed must

be properly sequence-numbered in cara colamns 73-3C witr
sequential rumters increasing in value through the Jdeck, ana

contain internal documentation as piven i Chapter .

The FOU proyram identification number should bte included cnoa comment
or remark «ard tollowing the routine name, at tle teginning of the symuwolie
deck (see Chapter V).
in any documentiation about the routine.

‘The identification number should also ve included

oy




{he program revision code is used as follows: the initial versiocr
of & new program or subroutine deck is assigned a revision code of "0

Bach time the program or subroutine is revised or modified in any way,
numter is Incremented ty one.

h..:;‘




V. PROGRAM INTERNAL DOCUMENTATION STANTARDS

Each program or subroutine deck should contain internal documentation
in the fcrm of comment or remark cards.
perform three functions:

This internal documentation shoald

1, Identify
2. Define usage
3. Qlarify program

Identifying commentis or remarks are strongly recommended for all
programs and are required by the RCC before & routine will be put in the
RCC Program Library or accepted for publication. These comments or remarks
should sppear immediately following the routine name and should con-ain *ie
following information in the specified order:

IDENT NUMBER -
TITLE -

IDENT NAME -
LANGUAGE -
COMPUTER -
CENTRIBUTHR -
ORGANIZATION -
DATE -
PURFOSE -

The above headings are defined in Chapter III, Sections 1.0 and 2.0. The
information supplied in these comments or remarks need not be as detailed

as in the write-up. The above identifying headings should be included as
part of the comments or remarks,

Usage informaticn comments or remarks are not required tit are s*» ,lv
encouraged. ‘These comments or remarks should follow the identifying -.mments
or remarks and should include the following type of information:

CALLING SEQUENCE -
ARGUMENTS =

1/0 INFORMATION -
KXTERNAL SYMBOLS -

The above headings are defined in Chapter III, Section 3.0. The informa:icn
supplied in these comments or remarks need not be as detailed as in '.e

write-up. The above headings should be included as part of the commer.:s or
remarks.,

Clarifying comments or remarks should appear thiroughout the ro. ine
to descrive what the routine is doing at any giien point,

In addition to the a&bove documentation, it is required that each deck
of a routine be properly sequence-numbered in card columns 73-80 with

e
numbers increasiny in value through the deck.

5-1
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Vi. MINIMJM EQJIPMENT CONFIGURATION

The minimum equipment configuration assumed for all documentation of
routines is the basic CDC 3800 computer with 32K core storage, 2 magne:i:
tape units, drums, card punch, cerd reader, and a iine printer. If a
routine requires equipment in addition to that stated atove, such shoull
te stated in the documentation (Chapter III, Section 1.7). The above
minimum configuration is similar to that given by CO-OP.

6-1
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VII. PROGRAM ADDENDA AND REVISIONS

When an error is found an RCC/CO-OP Library Evaluation Form (see
Chapter XII) should be sent to the RCC Program Library, Code 7813L.
This evaluation should explain the error in detail. To correct or add
to an existing routine, use the documentation format given in Chepter III1
and follow the standard program submittal procedure described in Chap-
ter VIII. Only those items that are affected need be resubmitted. Only
the originator (unless he is unavailable) of a program can make corrections
or modifications to the CO-OP and/or RCC Program Library file copy of &
program,

An wddendum to & publication will be indicated by a letter following
the original publication number (e.g. - A, B, etc., for each succeeding
addendum).

A revision of a publication will normally be accomplished by
re-publishing the entire document, A revision of a publication will be
indicated by .n following the RCC putlication number, where n = 1,2,....
for each succeeding revision. However, & revision to an NRL Report or an
NRL Memorandum Report will be given a new report number, with the old
number specified as being superseded. A revision should specify the dates
of the original and all revisions,

T1-1



VIII. PROGRAM SUBMITTAL PROCEDURE

Users having programs cf general interest which have been thoroughly
tested and documerited may submit the programs to the RCC for publication
as an NRL Computing Note, Bulletin, or Reference (Programs to be sent to
CO-0OP or to be documented as NRL Reports or Memorandum Reporis must follow
additional standard procedures.). The programs should be written in a
compiler or assembly language generally available through the RCC. A memo~
randum should be written to the RCC Program Library, Code T813L requesting
that the program ve published and included in the RCC Program Library.
Included with the memorandum should be the following:

1. Program Brief (defined in Chapter IX; example in Addendum B)
if the RCC does not already have one for the routine(s). If a
Program Brief is currently in existence, the RCC Identification
Nurber for the routine must be supplied.

2. Program Source Listing resulting from the assembly or compilatior
of the submitted source deck. -

3. Program Source Deck on cards, interpreted, sequence-numbered, ard
internally documented (see Cnapter V); or the RCC Identification
Number of the routine(s) if already in existence in the RCC Program
Library file.

4, Program write-up preferably in the form specified in Chapter III.
See the example in Addendum A.

If a program is to be sent to CO-OP, the CO-OP Submittal/Revision Form
must also be supplicd (see Chapter XI and Addendum C).

8-1




IX. PROGRAM ERIEF

In order to obtain an RCC Identification Number for a program or

subroutine d:ck, a Program Brief must be supplied to the RCC. f%he Program

Erief shoulu contain the following information:
TITLE.
IDENTIFICATION NAME.
PROGRAMMING LANGUAGE.
COMPUTER AND CONFIGURATION.
PROGRAMMFR.,
NRL, ORGANIZATION.
DATE,
PURPOSE.

PROGRAM STATUS.

The ebove headings are described in pa?t by Chapter III, Sections 1.0
and 2.0, ‘lhe NRL ORGANIZATION section should include the NRL Division,
Branch, and Code, in that order. The PROGRAM STATUS se<tion should

indicate what the current status of the program is (complete, inzomplete,

etc,).

A sample Program Prief has been prepared in Addendum B.




X. PROCEDURE FOR OBTAINING A PROGRAM

All programs, for which documentation exists in the form specified
in Chapter III, will be available in the RCC Program Library unless stated
otherwise in the write-up (Chapter III, Section 1.10.2). To obtain a
program existing in the CO-OF and/or RCC Program Library contact Research
Computation Center Program Library personnel. Users of all routines
obtained from the CO-OP and/or RCC Program Library are requested to submit
an RCC/CO-OP Library Evaluation Form (see Chapter XIII) to the RCC Program
Library, Code 7813L. This evaluation should contain detailed usage informa-

tion about discovered errors or inconsistencies, snd any other pertinent
information.

10-1




XI. USER GROUP LIBRARY SUEMITTAL/REVISION FORM

The Pro.-ram Atstract Cover Sheet as given at the =2nd cof this chapier
must be filled out whenever a program, program revision, or write-up
revision is reing sutmitted tc C0-0P, A sample Program Abstract Ccver Sheet
has teen prepared in Addendum C. The categories on the form are defined
as follcows:

1. Licrary: The wora "CO-OP” should be placed in the vlank
preceding the werd "LIBRARY" tc indicate that the routine should te placeil
in the CO-OF Livrary as opposed to SWAP, POOL, etc.,

2. Catalog Identification: The "Identification Name" information
as descrited in Chapter III, Section 1.2.

3. Titic (Descriptive): See Chapter III, Secticn i.l.

L, Scurce Languace(s) or Dialect(s): Name of specific source
language(s) and dielect{s), or versions, in which the program is coded.

5. Operating System and Version: Name of Operating System (e.s.,
DRUM SCOPE) and Version (e.g., version 2.0).

6. Computer and Configuration: The computer and configuration for
which the prosram has been written and checked out should be given. This
should include the storage space required.

7. Contritutin- Organization: The full neme of the contributing
organization as defined in Chapter III, Section 1.9.

8. Submitter/Programmer: The name(s) of the programmer(s) who
wrote the program. 1Include the programmer(s) NRL Code(s).

9. Revisor: 'The name(s) of the programmer{s) who revised the
profram., This is left blank when the original program is being submitted.

10, Date Written: The date of the original program shall be
specified, When submitting a revision, the date of the revision should
also be givern,

11, Program Material: The number of pages in the program write-up
(including the Program Abstract Cover Sheet) should follow "Write-up
Page Count”,

If a card deck is submitted, the number of cards in the deck should
follow "Seguenced Source-Card Count". If the program is submitted on
magnetic tape it should consist of cne physical file and the total number
of BCD card images should ve entered following "M/T Record Count",

If the program i submitted on paper tape, the number of recognizable
records on the tape should be entered following "P/T Record Count".
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12, Otuer Available Documents: The submitter should specify
when other itewms are submitted, such as listings, flow-charts, semple
print-outs, ctc. A listing need not be included if the card deck is
sequenced.,

13. Original/Revised Program Catalog Atstract: The sutmitter
should type lis aistract exactly as he wishes it to appear in fortheomine
issues of user group program catalogs. The abstract shculd te no loncer
than two short paragraphs and should contain the following informaticn:

Purpose
Entry Points (in alphabetical order)
Frogram Type (subrcutine, complete routine, or system)

14, Nature or Revision (or Additional Information): This space .s
provided for ¢iving nore detailed information about a revision than is
needed for the avstract in the program caialog.

A1l information provided on the Program Abstract Cover Sheet mus+
te in standard 48-character code, for keypunching. Therefore, mathemati-al
symbols and other special characters, though permissible elsewhere in the
nocumentation, must be converted “or typing on the Program Abstract Ccer
Sheect.,

Copies ¢f the Program Abstract Cover Sheet are available from the RCC,
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__ LIBRARY PROGRAM ABSTRACT COVER SHEET (SUBMITTAL FORM)

CATALOG IDENTIFICATION : REVISION :

TITLE (DESCRIPTIVE) :

JJURCE LANGUAGE (S)
AND DIALECT(S) :

OPERATING SYSTEM
AND VERSION :

COMPUTER & CONFIGURATION :

CONTRIBUTING ORGANIZATION :

SUBMITTOR/PROGRAMMER : REVISOR :
DATE WRITTEN : ORIGINAL REVISION
PROGRAM MATERIAL : WRITE-UP PAGE COUNT :

SEQUENCED SOURCE-CARD COUNT :

M/T RECORD COUNT : P/T RECORD COUNT :

OTHER AVAILABLE DOCUMENTATION :

ORIGINAL / REVISED PROGRsM CATALOG ABSTRACT :

NATURE OF REVISION (OR ADDITIONAL INFORMATION) :

For Completion by Distribution Agency :

Original /Previous Revision : UGN Page Accessed
Latest Revision : UGN Page Accessed
e S
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XII. RCC/CO-OP LIBRARY EVALUATION FORM

Each user of an RCC or CO-OP Library program is requested to submit
an RCC/C0-0OP Litrary Evaluation Form, as given at the end of this chapter,
to the BCC Program Librery, Code 7813L. This evaluation should specifv

ir derail, any difriculties encountered and any corrective measures taken
wh__2 i2iuw the program,
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RCC/CO-OP LIBRARY EVALUATION

DATE

RCC/CO-OP IDENTIFICATION

PROGRAM TITLE

LANGUAGE

USER'S APPLICATION:

DIFFICULTIES “NCOUNTERFD, IF ANY:

COMMENTS, IF ANY:

USER'S NAME

cope

TEL. &XT

FLEASE SEND CCWPLETED PORM 1O RCC PROGRAM LIBRARY, COD® 7813L.
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XIII. CLASSIFICATION CODES

The fcllowing classification system is used by the RCC to categorize
computer subroutines and programs. This classification system is almost
identical to that currently proposed by CO-OP in the "Users Organizations
for Control Data Computer Systems Handbook, Part III: Program Catalog,
Section 1: Program Classification Requirements", June 1968, The classifi-
cation code consists of a letter, indicating the primary class, followed
by a digit indicating the sub-class. Under each primary class will be 8
zero code having the heading "General" under which will be filed the
routines that are rnot appropriate for the listed secondary classes.

The primary classes are lisiled below after which the entire
classification system is given including a description of some of the
primary and sub-classes.

ARITHMETIC ROUTINES

ELEMENTARY FUNCTIONS

POLYNOMIALS AND SPECIAL FUNCTIONS

OPERATIONS ON FUNCTIONS AND SOLUTIONS OF DIFFERENTIAL. EQUATIONS
INTERPOLATION AND APPROXIMATIONS

OPFRATIONS ON MATRICES, VECTORS AND SIMULTANEOUS LINEAR EQUATIONS
STATISTICAL ANALYSIS AND PROBABILITY

OPERATIONS RLSEARCH TECHNIQUES, SIMULATION AND MANAGEMENI SCIENCE
INFUT

OUTPUT

INFORMATION TRANSFER

EXECUTIVE ROUTINES

DATA HANDLING

LEBUGGING

SIMULATION/EMULATION OF COMPUTERS AND DATA PROCESSING INTERPRETERS
DIAGNOSTICS

SWRVI 'E OR HOUSEKEEPING: PROGRAMMING AIDS

NON-NUMERICAL MATHEMATICS

INFORMATION RETRIKVAL

APPLICATIONS AND APPLICATION-ORIENTED PROGRAMS

LINGUISTICS AND LANGUAGES

GENERAL PURPOSE UTILITY SUBRQUTINES

DATA REDUCTION

USER ASSIGNED

ALL OTHERS

ST OIOZIUTRUHITIOYMEmODOWrE

N <3
- L]
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The entire classification system is as follows:

A, ARITHMETIC ROUTINES Routines of the form of sub-
routinrcs or partial programs
to be incorporated into programs
Or subroutines for the purpose
of doing arithmetic cperations
within a given algebraic structure.

A0, General ¢

Al. Real Routines which perform exclusi ely e
real arithmetic operations,
including single precision,
extended precision, and multiple
precision representations of
real numbers (real opposed <o
imaginary).

A2, Complex Routines which perform zomplex
arithmetic operations including
extended and multiple precision
representations on complex

numbers.

A3. Byte Routines which perform single
or multiple precision byte
arithmetic,

Ak, 1/0 Routines I/0 Routines designed for use

with (e.g.) multiple precision
arithmetic packa,es frequently
contain entries for octh input
and output, hence could legitl-
mately be filed under I or J.
However, their real intent and
Firpose is for use on.Ly with
special routines alread. tije.
under A (filing under I or .
therefore merely loses them <oy

prospective users). While -lis .
type of I/0 package is ro: pro-
’ rrammed arithme‘ic in *he -rue

sense of the term, its intima‘e
relationship with A-cate,ur:
routines marits that classiri-ation.

B. ELEMENTAKY FUNCTIONS Elementary functions are defined
to be those generated ¢y constants
and the independent iariatle vy
means of & finite sequen o ¢
elementary vperations, Elemencary

13-2




BO.

Bl,

B2,

B3.

Bh,

General

Trigonometric and
Inverse Trigonometric

Hyperbolic and Inverse
Hyperbolic

operations on functions F(X) and
G(X) are those that yield any of
the following F(X) = G(X), F(X)*
6(x), F(X)/6(X), (F(X))w*a,
A*%(X), LOG (X), T (X) where T

is any trigonometric or inverse
trigonometric function and X is
any number (fixed-point, floatin.-
point, complex, multiple-precision,
etc.).

Exponential and Logarithmetic

Roots and Powers

POLYNOMIALS AND SPECIAL

FUNCTIONS
C0. CGeneral
Cl. Evaluat! n of Polynomials

C3¢
Ch,

C5.

Roots of Polynomials

Refers to roots of quantities
not polynomials.

Routines which include operations
on and evajuation uf polynomials
ard functions often referred to

as special functions, such as
hypergeometric, gamma, hesscl,
elliptic, etc. Simultaneous
nonlinear equations shall include
operations on and solutions of
gystems of nonlincar alyetraic and
transcendental equations tut shall
exvlude differential type equatiorns,

Fvaluation of Special Functions

Simul taneous Nonlinear Algetraic EqQuations

Simul taneous Transcendental Equations

15-3
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D. OPERAIIONS ON FUNCTIONS AND SOLUTIONS OF DIFFEREN IAL ZQUA IChs

This a‘*efory shall incl.ude
routines to perform numer:.cal
inteyration and rumeri-al differ-
entiation 8s well &s routines to
solve differentia; =quarions toth
ordinary and partial. iier
routines whi-h ¢ alua“c .reratiocus

of functions or gerromm “ie Jrer-
stior. on a funcoticr stall als. Us
included.

DO. General
D1, Numerical Integration

D2, Mumerical Sclutions to
Ordinary Differential
Equations

D3. Numerical Sclutions to Partial
Mifrerential Equations

DL, Numerical Differentiation

Y. INTERPOLATION AND APPROXI- Interpclation shall in-lite
MATIONS routines which, when i < a se’

of points, approximate alies
based o polynomials, ratics of
polynomials, sires and/or ~osines,
expurential fanstions, et -,
Apj.oximations shall mear routines
¢ prosjde funstions or uries
fit & set of points «r Jdata Uy
polynomials, exponentials, sines,

sosines, ets,

. ‘wreral

Ei. 7aiie Look-up and
interpolation

B, uree Fitting (Sce alse o)

Ey. omwinling {see also G2




Bk, ixtreme Values; Includes variational proclems.

Minimizing or Marimizing

a Function i
F. OPERATIONS ON MATRICES, VEC- This category shall include all
TORS AND SIMULTANEOUS LINEAR routines whose primary purpcse
EQUATICNS is the execution of matrix orera-
- T tions, such as addition, multipil-
caticn, inversion and transpositicn,
Evaluation of the determinant and
finding the eigenvectors and eisen-
values of a matrix shall te
ircluded, as well as solutions oo
a system of simultanevus linear
equations, .

FC. Jeneral

F1. Martrix Operations

F2. Eigenvalues and Elgenvectors
¥y, Determinants

k. Simultaneous Linear Equations

i, STATISTICAL ANALYSIS AND This category is meant to v.er
FROBAGIT.I Y routines which are vasicaliy

statistical in nature, such as
findiry means, standard de.istiocns,
ete,, and routines like curve
fitting where the routins is
programmed explicitly tor statis-
tical purpeses.

e o heral

1o lata Redu-srtion Refers to the calculation of the
mre compon statistical parameters
su-ho as wmean, wediarn, staniard
tesjation, ete,

Jaoodorrelation an s Kegresse  Tncludes curee Floin, which i

L ALl ysis expL ity tor statiatival puarpodcs,
“ . PR
{m‘v“ alg. =, =¢

it Sequential Analgala
. Aralysis of “ariane
o ime Jeriey §
#, Mite ar! (See alsc K} Intiades Sardom Rumier nouzvators,

1 --0




t. OPERATIONS RESEARCH TECHNIQUES, Opera*icns researh will mea ‘i
STMULATION AND MANAGEMEN applicatior. 0¥ s ienti”’i m:-hoas,
SCIENCE - te hniques ard *tools ‘o cthe solation

of prorl=ms invol in- vperations

of a system so a3 to proviie those
in conrol of *he systemr wi'h
optimur solusicns o “le 1rerlen.
Linear programmir - & omesr ol ot
solving provlems wis: or ol es

and constraints stated i a !linear
marrer, Similaticn is et cbuigue
of descrivings the coperationa:
systems ty means of mathera®i -al
models. Management s lence, an:
interrelated arsas, will te in-cluaced
and wil! cover such areas as
solutions to proclems of resource
allccation, It is visualized 'iat
‘his cateyory (H) will cover such
things a3 production ani inventory
schedulin,, logistics, queuin.
theory, renewal ‘liecry, dyrnami:
programeing, vage theory and hear-
istic prosrammning. Monte Jarl.
methods used in this type of proclen
will te included althouph Monte Jart.

methols may als. appear in ‘e

statistical catescry {70 depeniin.

upor. *heir use,

-

He, weneral

1, linear Proprammir. - Findire the vest sojution Irom
aron, All sojutions ol a vnsten
of' Vinear inequalities,

2, Monelinear Prosramming Solingy constrained (o inization
Llems excep’ e Whels e
objetie functionoant oo

CORBIra:inL's are Kl, | . fLeonr,

oy
-
e

. iransportation and Sransportation sodes oriolziny
Ne'work Jodes el et goliticn oaloorit os,
Network codes ‘o Find rax.na

flow “hrovieh a avater,

Hh,  Simulation Moceling "Siwatatton Madeline " Iy internae:
TV enoOmpAsSS moiel ompliaent s,
retneral simaiatice, jr o ocars, and
simatat oo lan caaees. Lo oeNarg e,




GPSS or SIMSCRIPT would te {
categorized "Simulation Modeling." T
This category covers the tools and

technology of simulation.

H5., Simulation Models "Simulation Models™ is intended
to identify completed models of
specific systems, however highiy
parameterized; e.r., 8 refinery
model or computer job shop model
would be categorized "Simulaticn -
Models.” This category covers
the completed products of model=-
making technology as, operating
models of particular object systems.

H6. Critical Path Programs
H7. (Reserved., Please do not use.)

#8. Auxiliary Programs Speciel purpose utility programs
or subprograms designed especially
to service programs in the atove
categories.

HO. Composite Programs performing combinations
of the above functions.

I. INPUT (See also Al) Input shall contain those routines
‘ which transfer information from an

external medium to an internal
storage cr operation area, €.c.,
from cards to an on-line magnetic
tape. Input shall also include
the programs which can perform
either input or input and output
operations. The categories shall
denote the form of the informaticn
to be input. In classifying a
program, the operation of input
shall take precedence over the
operation of conversion or internai -
information transfer (i.e., I
rather than M2 or Ku).

I10. General

I1. bBinary Pertains to program input or
data input in the binary mcde.

A
:
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12.

14,

IS.

Octal or Hexadecimal

Decimal

Character (Hollerith)

(Reserved. Please do

rot use, )

OUTPUT (See also Ak and K)

Jo.

Jl.

J2.

J3.

Th,

General

Binary

Octal or Hexadecimal

Decimal

thovacter (Hollerith)

13-8

Pertains t0 program input or
date input in octal or nexadscimai
mode,

Pertains to program input or
rumeric deta input in the
decimal mode.

Pertains to program input or
data input in the Character or
Hollerith mode.

A combination of any of the
above, which is not primarily
one of the above, suchk as &
general purpose input program.

Qutput shall contain thcese routines
which transfer information from
internal storage t an external
medium. In classifying a progrem,
output shall take precedence in
general over conversion. The

final form of the data relative to
the program shall determine the
category in which the prcgram is
classified.

Pertains to program output or daia
output in the binary mode.

Pertains to program ocutput or data
output in the octal or hexadecimal
mode.

Pertains to program output or data
output in the decimal mode.

Pertains to program outputl or data
output in the character mode.




J6.

JG.

Flot Lih{

{Reserved. Please do
not use.)

Analog (See also T6)

Composite

K. INFORMATiON TRANSFER

KC.

Kll

Ke.

General

Exterrnal =to-External

Interna -to-Internal

(Reser.ed. Please do
not \13(‘.)

13-9

Ref'ers to routines for produacings
plotied outpui, either .ia prin‘er
or via CRi, cr other special
plotting devices, Routirnes for
using plotting devices 1o simal
printing are alsc included. Alsc

input fer eoff-line plotters.

Refers to routines which output
information to a digital-to-analog
converter, other than that associ-
ated directly with (on- or ofr-line;}
plotting equipment, which will

carry a J5 classification,

A combination o1 auny of the actove,
which is not primarily one of the
above, such as a general purpcse
output program.

The catejory shall contain routires
whose primary purpose is the trans-
fer ot information from one internal
medium to another internal medium
or from one external medium tc
another external wedium. If the
transfer is external to internal

or vice versa the categories I or

J should ve used.

Pertains to the transfer of
information from any external
device to any other external
device. This would be tape-to-
tape, drum-to-drum, disk-to-tape,
ete,

Pertains to the transfer of infor-
metion internally. This is the
same as relucation of iutformation.

-




Kk.

K%.

K9.

(Reserved, Please do
not use.)

Direct Daia Devices

Composite

EXECUTIVE ROUTINES

LO.

L.

L2.

4
()
.

Lk,

LS.

L6,

General

Assembly

Compiling

Monitoring

Preprocessing

Disassembly and
De-Relativizing

Relativizing

13-10

Computer-to-computer intormation
transter, other than ia ‘ne abore
cate. cries.

A program system which assemtles
a program for a particular pro:l
by assigning fixed addresses,
translating from mnamonic odes
to produce machine lan;ua;e state-
mants, possikly incorporatin:
library subroutiines,

el

Program systems which produ:e a
specific progr 1 for a particular
protlem by trauslating from a
problem- or procedure-oriented
source language to produce a
machine language program. Inter-
pretive compilers siould te
included.

Executive or monitor programs,
including monitor systems to
control job sequencing, stacking,
tog snd accounting; information,
peripheral equipment, etc., with

a minimum of operator inter.ention.

Refers specifically to preprocesscrs
for programs within the "L" cate-
gory. A PERT (e.y.) preprocessor
would be catalcesred H8 rather than
L4,




L7. Computer Language to
Computer Language
Translators

M. DATA HANDLING

MO. General

[ ML. Conversion and/or
Scaling

M2, Sorting

M3. Merging
Mk, Character Manipulation

M5, Searching, Seeking,
Locatlng

M6. Report Generators
(See also )

M9, Composite

13~11

This refers to translation rromn.
one artificial language designed
for computing and data processing
purposes to another such laniuae,
e.g., FORTRAN tc PL/1. Not to te
used for translation of naiural
languages such as Znglish or
Russian.

Data Handling shall refer to
routines whose primar; purpose
tasically is a wechanical type
of handling ot information such
as sorting, con.ersion collating
and merging, system tape editing
(updating, deleting, adding to, ezc. ).

Pertains to any conversion and
scaling routine (packed or
unpacked, single or mltigple
precision) such as card image

to BCD, BCD to card image, binary
to ECD, BCD to binary, fixed to
floating, etc, e primary
function of programs in this
category must bte conversion ur
scaling, not input-output,

Combined sort/merge routines
shall be included here.

To be used for utility search
subroutines. Not to be used for
applications of retrieving
informatiun records by examining
contents, which is the province
ol Code S, Information Retrie al.




N. DEBUGGING

Debugging routines are those whose
primary purpose is to provide
information to a programmer to
enable him to detect errors in
software or programs. This will
include dumps whose purpose is

for debugging, as opposed to
output, and search for debugging,
as opposed to table look-up.

NO. Genersal

Nl. Tracing: Trapping,

Snapshotting

N2, Dumping (Post mortem) Core, tape, drum, disk, console
printouts (on- or off-line).

N3.

Memory Verification
and Searching

N4, Break Point Printing

SIMULATION[EMULATION OF COMPUTERS AND DATA PROCESSING:
INTERPRETERS

00. General

0l. Off-line Equipment Any program which simulates
off-line equipment.

02. (Reserved, Please do
not use.)

03. Computers

Pertains to programs which
simulate or emulate on2 computer
on another,

Pseudo~-computers Simulation of theoretical .(r

pseudo-computers,

Software simulation of

one peripheral device on
! another

Includes such programs as simulatins
tape on disk, simulating card reader
on tape, etc.

Composite




——

P.

LIAGNOSTICS

PO.

General

SERVICE OR HOUSEKEEPING:

PROGRAMMING ATDS

Q0.
Q.
Q2.

Q3'

QL.

General
Clear/Reset Programs

Check Sum Accumulation
and Correction

Rewind, Tape Mark, etc.
Frograms

tuternal Housekeeping;
Save, Rustore, etc,

{Reser.ed. Please do
not use, )

Program Documentation:
Flow Charting, Document
Standardization, etc.

NON-NUMERICAL, MATHEMATICS

General
Formal Loypic

Symbol Manipulation

Diagnostics programs shall be
ones which check for malfunction-
ing of the couputer or its
components.

These are routines of a utilitarian
nature which perform a service for
the programmer oy operator, This
shall include routines tc find
check sums, clear memory and/cr
compare tapes, etc,, and mecnanizal
operations involving magnetic Tures.

Logical functions, logical oper-
ations, logical calculi and
algebras, symool manipuiation
and manipulation of non-numeri.
quantities.

Includes comt.inational generators,
permutations, etc.

I.ist and String Processing
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S.

INFORMATION RETRIEVAL

S0. General

APPLICATIONS AND
E?FEICKTION~5RIENTED PROGRAMS

TO. General

Tl. Physics (including
nuclear)

T2, Chemistry

T3, Other Physical Sciences

T4, Engineering

T5. Business Date Processing
(See also H end M6)

T6., Manufacturing (ron-data)
Processing and Process
control (See also J7)

I'7T. Mathewatics and Applied
Mathematics

T8. Social and Behavioral
Sciences and Fsychology

T9. Biological Sciences

13-1k

Frograms, or systems, for ca‘alocing
data, all related to one field of
interest, so it can be displayed,
with accuracy and speed, on an
output unit at any time it is
needed. May or may not be real-
time. Examples are classification,
indexing and machine searching
systems.

Programs or subroutines which
solve specific problems in rieids
other than computers.

Programs pertaining to physical
sciences not listed above,
(Geology, Astronomy, etc.,)

a




U.

LINGUISTICS AND LANGUAGES

U0. ieneral

Programs which work with natural
languages, usually translatins

from one language to another
language. The rules of these
languages reflect and descrite
current usage rather than prescriced
usage. Example would be translati::
English to Frenchn.

GENERAL PURPOSE UTILITY SUBROUTINES

VG, General

Vi. (Reserved., Please do
not use, )

V2. (Reserved, Please do
not use.)

DATA REDUCTION

Xi.o  therera!
Xty bBerormatting,

Decommutation,
Yrror Tiamosis

P 3=1%

Many laboratory or rieid tests
and experimerts automatically
ccord data either at the site
or by way of telemetry. Proorams
in this category will accept sut
dirital data and perform the
necessary functions of decommita-
tion, scaliny, calivrating,
evaluatin, and test analysis.
Some of the pruyrams, especiaiiy
Xb, X5 and X, mi, ht e predon-
inantly of ype Iy ¥, F, &, and
could possibly ve found ander
those vateyories, The prosrams
are cither for posteprv essin.
or they may uve one-line .:ceratl.
{1 real time,

Frovram separates the ariatios
and often conoerts then o ome
puter words or bigher lo el
lanjuaye cariatles, Misgirs or
errconenys data sre {dentified,
Jutput consists of ordered Jata
and etitin: {rlformation,




L2,

X3.

Xk,

X5.

Xu,

Editing

Calitration

Evaluation

Analysis

Simulation

Y. USER ASSIGNED

7.  ALL OTHERS
—-_
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Output from rateycry X1 is used.
Bad date are cast cut, rissiny
values inserted, wrons calues
corrected, Process is eirtter
automatic or uy parameter ‘arls, ) X
or both, Cutput is valled - lean : -
rav data, -

Data are scaled linearly, then R -
calitrated to ottain fun-tiocwn B
values in physical units, " &
Output is called "clean calitratea by
data,"

B, 2,

All necessary computation on the ,
Jata is performed to present them "
in a form suitauvle for engineering
or scientific evaluation,

All computations necessary to

analyze the outcome Of the ‘tes?
or experiment., Also reterred . .
as Time Series analysis. ‘ ‘

Programs which ,enerate artifi-ial

data to ve used as the thecretical ig

test model or to te used or
checkout ol progsrams.

his cateyory is or the ase 7
individual {nstallatiovns who
have proups of routines which
do not it well under any of

re-c18ssified on an indi. aual
tasis vhen and if *he are o 0a
mitted o *he Uger » 7 D71 -ra .,

i
-
croMiich Lo primary cass nas o

oer designa‘ted, atines Wbt nre

covere fv B privary CiAass ot w e

Are not adequAtel. desoricot bt oa -
sute-lass are sssiynel ooappllocarle

primary classifi-ocion, @0 8¢

class tegifFnaion o) z2erc,

G OCR'ePOry contalns nLlormocTines
-

L., -

the atove cateypories, R outines | #
from *this catecory mas? ‘e




ADDENDUM A

1.0 IDENTIFICATION

1.1

1.3

1.k

1.5

1.6

1.7

1.8

Title
Real Zeros of a Single-Valued Function

Identification Name

DO-NRL~FCNZERO

Classification Code

DO - Operations on Functions and Solutions of Pifferential
Fquations, General :

RCC Identification Number

DOOO1ROO

Entry Points

FCNZER@

Programming Language

Language: FORTRAN
Routine Type: Subroutine
Operating System: DRUM SCOPE 2.0

Computer and Configuration

CDC 3800

Contributor or Programmer

Janet P. Mason, Code 7813, Research Computation Center,
Mathematics and Information Sciences Division

Harold L. Toothman, Code 4319H, Naval Analysis Staff,
Office of Director of Research

Contributing Organization

NRL - Naval Research Laboratory - Washington, D.C. 20390

A1

e s £ e e e




Vol Progran acullacitity

1.1¢.1 Saumittal:  Program write-up, Fortren source deck, sourcs
listing

i.ice2 O File: KCC Pre-ram Library

1.1 Verification
The fol:owing two preotlems were used as test cases:
(i) Seventy zeros of the function sin(1/X). See Section 7.0.

(2) Fle/ip) _ (Rgg = Rep)t  _ 0
wo/f) (R - BTy

gihere (<0 B1E60 ™ T ni
where  US6€6160 and T, Ty, Ryyy Roos Ry, and Fog
ar-= known.

co's TURFOSE

2.1 Duseription of the Routine

To ind th- real zeros of a single-valued function of one real
variable 1y & moditied Method of False Position.

Find within a specified tolerance 8 those points Xy alony a given
closed interval |a,b] for which the functional value f(xy)

RN - 4 e . .
satisties: ‘t(xi)|<¢. kach point and the corresponding
functicnal value dre stored in a tatle:

f
X(is f(XQ), Xy, f(xl),..,, Xy f(xn)
wiere: a € XO< xnﬁ b

2.2 TFrovlem backeround

Hee the authors,

3.1 Calling Sequence or Operational Procedure

FCNZERG (WgX, X@WeR, UPPER, UYLE, MAXRTS, NUMB, ANS)

A-?

P T

kRt e el e ST

PR




3.2

Arguments, Paramzters, and/or Initial Conditions

1

FPX is <he name of a FORTRAN funciiom, to re writien oy “he .se

e

N 3

which evaluates the function whose zeros are tc U@ calculatel,
FPX must te dz=clared exterral.

XPWER is the lower tound of -ie given interval.

UPPER is the wrper bound of the given inter-al.

WLE is the tolerance set upen toth x, and f(xi).

MAXRTS is ‘he number of zeros (less than 513) the -iser oxpe s -
find in the given interval. The user cai make MAXEII -qg:a!
to 0, thereby leaving the determination of iz nimier oF Zerds

(e.., roots) entirely up to the reutine.

NUMB will contain the number of zeros actually found, INNE m3p or
may not equal MAXRTS.

ANS is the name ¢f the table of answers. The user shcull
dimension ANS(205C) or ANS(L4 x MAXRTS).

Space Required (Decimal and Octal)

3.3.1 Unique Sterage: 1020 octal (528 decimal) lcecations
exclusive of computer syster liirary Iuncilion

$.%3.2 Common Elocks:

CPMMPN/A/ INPUT,@UTPUT,LIM,VAL,ZC,21,F20,F21
INPUT

OJTPUT LIM - integer

VAL

20 - real

length: 10 - ctal (8 dec) locations
3.3.3 Temporary Storage: none

Messages and Instructions to the Operator

nonle

brror Returns, Messaces, and Codes

HoTe

Informative Messapes to the User

Ordinurily there is no printoul, 1If, Lowever, ihe limi. (] ERANICH
Lhe mumeer ot iterations in the False DPosition mothod bas oo

A-3
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reasnad, or 1 the two points xg and xy bounding the trie zero

(xg - xt)/xs‘< 0.0000C00001 ,
then the foflowing information is printed:
nuw ter of iterations, xg, flxg), xy, f(x¢).

“he last point calculated is taken to te the zero (e.g., root)
and is =icred, as is its functional value.

2.7 Inpu‘

. data irput.
3.8 Diornut

Crdirarily, none; see 3.0.
3.9 Format

not gpplicacie

3.1C Exterral routines and Symbols

FNZORE - QBQDICT.  (system library)
CPNVERCE  (deck)

C@gNVERGE - THEND.
QBRPICT.
STH.
QNSINGL.

(system library)

3.11 Timing

16 seconds for sample program (e.g. to find at least 10 zeros of
the function sina(;/ 00001 % x £1.0); see 5,0

3.12 Accuracx - - -

3.13 Cautions to Users

It the programmer wishes to find the first n zeros in a ¢iven
interval he should let MAXRIS = O (see 3.2) in his subroutine

call and pick out the first n gzeros from the table of answers.

If MAXRIS were to be made equal to n (and n is less than the

actual numbter of zeros in the given interval), it is quite likely
that the zeros found would not be the first n zeros in the interval.

e e A b s S by AR, 3
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3.14 Frogram Deck Structure

J;{)E: card
TN card
main program deck (contains call to FCNZER@) (See Seom
runction deck (a single-valued function of one real variatie on L

sutroutine FCNZER@
sutroutine CPNVERGE
SCPPE card

LPAD card

RUN caru

}DO-NRL-FCNZER¢ {See Section 5.0

3.15 References - Literature - Appendices

"rtroduction to Numerical Analysis ty F. B. Hildevrand

4,0 METHOD OR ALGORITHM

After the number and approximate location of' zeros are determinea vy
successive sectioning, the function employs a modified Method of False
Pusition to determine the exact location, within the given tclerarn 2,
of these zeros., False Position (iterated linear inverse inreryolatioﬁ§
althourh known to converge, may do su very slowly. 1o hasten on.or-
;erce, the usual False Position meth..d nas teen modifiszd; tha ziorsice
in interpolation is adjus*ed whenever it becomes relatively smal. and
tue last two successive approximations of the zerc have the same si:t.
Convergence is satisfied when either

W leol<8 e, -xl<s
where t‘(xs)< 0 and f(xt) > 0, or

(<) f(xi) = 0,




5.0

aaAaa GO aoaaaoaaa aaoan

FLOWCHART AND/OR SOURCE IANGUAGE LISTING

W B LW

O ~N O

SUBRAUTINE FCNZBRO(LC.LB U3, TL,NR,SC,LS )

"DENT NUMEER - DCOOIROO

TITLE - REAL ZERES OF A SINGLE.VALUED F NCTIAN

ICENT NAME - DO-MNRL-FCNZER?D

LANGUAGE « FBGRTRAN

CEMPUTER - CDC-~JE0C

CENTRIBUTER - -(ANET P, MASHEN, CODE 78413. RESEARCH COMPUTATION

CENTER, M:S DIvISIagn
tHAROLD L. TBITHMAN, CODE 4349H, NAVAL ANALYS,S

STAFF. OFFICE @f DIRECTBR of
RESEA' CH

ORGANIZATION - NRL - NAVAL RESEARCH LAB RATORY - WASHINGTON. D.C.

20399
DATE - 1 AUGUST .1668
PLRPASE - 7O FINL THE REAL 2ERBS BF A S:NGLE-VALUED FUNCTI®ON OF
BRE REAL VARIAELE BY A "ODIFIED METHOD F FALSE RESITIEA
DIMENSIEN BND(4), LST(2050)
TYPE REAL LBQEUT,INPUT,LB,LST,K4,LC
TYPE INTEGER Th.,FSC,R,S,7,v,SC
CEMMEN/A/INPUT,ULTPUT,LIM, VAL, 20,21.F29 -F21
LIM=1000
DELTAX=0.0
VAL=0.02
K4=0,3867879441
Tw=FSC=SCeR=V=(
Dx=PELTAX
IF(DX.EQ.0)1,2
Dx=z1.B-LR
1F(NR,EC.0)3,4
NR=2543
DLMMY=ZINPLT=LB
LEBLT=LC(EUMMY)
SC=R=0
BAD(1)=( B
AAD(2)=LBEUT
IF(BNC(1).EQ.UEY7,8
IFCABS(BNC(2)).L7.TL19,10
LST(R+1)3BND(1)
LST(R+2)Y=BND(2)
SC=RC+q
GE Te 20
INPLT=BND(L)+DX
IFCINPUY,.GT,.UB)11 /12
INPLT=UR
BAD(3).PUMMYSINRLT
BAD(4)=z{ C(DUMMY)
IF(BND(2),EQ.0)77,13
IF(BNT(2)-LT,0)%4.15
IF(ANT(4).GT.0)17.16
IF(BNT (4).LT.0n)17,16
GE TP 19
DE 18 1=1,4
LST(R+1)Y=BEND(])
CENTINUF

A-6

280
290
300
310
320
330
340
350
340
370
380
390
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19
20
21

22
23
24

25

26

27
28

29
30
31

32
33

RzR+ 4

SC=Sc+1
IF(SC.GE.513)25;19
BND(!):ENE(S)
BND'2)=BNC(4)

Ge T8 6
IF(SC.EO.FSC)?IJ??
TH!TH01

GE Te 23

Thz1t

IF(SC.LT.kR.ANE-iH.LT.4)24:25

Dxzkd4eDy

FSC=sc

Ge ¢ 8

Tz(SC-1)edsy

D€ 32 Seq,7,4
IF(LST(501).EO.0)26.27
LET(veyralST(8)
LST(V*?)*LST(S‘J)

GE 70 3¢
IF(LST(Soi).LT.0)28.29
Zg=1ST(S)§ FZc=LST(Sc1)
Z1=1ST(S+2)8 F21=LST(543)
G& Te 3o

21=1ST(S)% F71=LST(S41)
203LST(S+2)8 F20=LST(5+3)
CALL CONVERGE(LC, TL)
LSTCveg)zINPYUT
LST(v+2)=CUTPYT

Vave2

CENTINUE

END

A-7

400
410
420
430
4490
450
460
47p
480
490
500
510
820
830
J40
559
560
$70
580
590
600
610
620
630
040
650
660
670
680
690
700
710




SUBYFTINE CHAVFRGE(LEN,TL L) 800

TYPF REAL K3, INALT,LCh 810
CoMvEn/b/INP T, LIPLT,LTM, AL,/0,71,F20,F21 820
FACTERz4,0 830
K2=z0 840
FerRriT=w3el 0F1( 850

34 D MMYZINPLT=(F21470-F7/0eZ21)/7(F71F70) 860
ALTPL Tzl CA(DiLMMY) 870
K22K2+1 880
IF(ARS(FUTPUT) v T.TLN.AMD.ABS(71e720).LT.TLN)S0,35 890

35 RATIPzARSU(FORINCINPUTY/(721-2n)) S00
1F(RATIF LT, VAL . AND . FrreUT®QUTFUT.GT,0)36,42 910

36 FACTFRR=FACTEXeqr . 920

7 IF(RATIFS(FACTE-41,0).6F,1.0)38,39 930

38 FACTRPzFACTAR/Z . ( 940
GF ¢ 37 950

39 SFEC=IAFLT 960
ALSF=GLTPLT 970
DLMMY=INPLY=[AF 1-FACIGRw (TARTI =INPUT) 980
OLTRLUIT=LCN(D MM Y) 990
Ke = K2+1 1000
IF(ALSE.LT.N)AC. ¢ 1010

40 FERIN=Z2nsESPEC 1020
FERFUT=FZ20=A_RE 1030
GC T& 42 1040

r 41 FERINZZ128PFC 1050
FERFL TsF21=ALS¢ 1060

42 IF(FUTPLT EN,M5(,43 1070

43 [F(FLTPIT.LT,n)44,45 1080

44 FERINZZPEINPLT 1090
FERELT=FZ2030 TF 7 1100
GE TR 4¢# 1110

45 FERIN=Z12INPLT 1120
FEREULT=FZ2e3M TR 1130

46 IF(ARS(FUTPUT) I T.TLiN,AND.ARS(7170).LT.TLNI50,47 1140

47 IF(K2.6T,.LIM, FR.ABS((70-21)/2n).LT.0.0000000001 142,34 1150

4R PRINT 435,K2,2n,F2ns21,F7) 1160

49 FERVAT(4X,14,2x,E17.10,3X,217.10,3%,F17.10,3%,E17,10) 1170

50 END 1180

A-8
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6.0

7-0

COMPARTSON

No comparisons have been made with any other programs.

TEST METHOD AND RESULTS

The main prosram (TRIAL) and function evaluator (FOX) used to
evaluate the seventy zeros of the function sin(1/X), along with
the results as printed out by the main program, follow this page.
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MAIN PROGRAM
(CALLS FCNZERS)

PRBGRAM TRIAL

EXTERNAL Fox

DIMENSTIEN ANS(2050)

NTs(

FERMAT (1k1)

Pla3,14199265368

MAXRTS=?70

TELE=S,0E~4

XCWER=1,06-8

UPPER=1,0

CALL FCNZERO(FCX,XOWER,UPPER, TOLE,MAXRTS ,NUMB, ANS)
NUMB=NUMBeNUMB

PRINT 3

FORMAT (LML, 17X, 0Xs,18X,sSIN(L1/X)e,8X,0(i/X  /Ple//)
De 3 Jsy,hUMB,2

FINANZANS(Y)

RECs1.0/(FINANSF])

FUNSANS(JeY)

PRINT 2, FINAN,FUN,REC
FEGRMAT(9X,E17,10,3X,E17.10,3X,F9.3)
NTaNTeg

lF(NToGEt,O)sli

PRINT ¢

NTs(

CONTINUE

EnD

FUNCTION EVALUATBR
(EVALUATES SIN §/X)

FUNCTION FOX(X)
Xsl,0/X%
FEXaSINIX)

EnD

A-10

001
004
100<
uoos
vood4

002

003

004

o

006

007

008

009
S00¢9

01t

012

043

014

049

016

047

048

049

020

021

022

i

03
04

A
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1.33407324R3~(04
5,012754r5723-C04
5,0365487938-004
7.0863C061.38-C04
9.,4174529761-004
1.10606319R83-003
1.1440695578-003
1.2482740rp21-003
1.,4338c8nydB-CNY
1.6770€0n348-003
?2.0669473425-C03
2.10P0926913-(C03
2.7273642r442-003
2.357851r857-003
7.R4705108094-003
2.P9N3IEG24Q0-C03
J.24FNC745n4-003
3.4979104555-003
I,417158N996-(03
Y. R3I5058R762-(C0S
4,NANBS611IN0-C03
4.8970751410-C03
5.1340785038-(063
B.198062R0N3-C04
5.48P0567515-003
$.7874%524493-003
5.094627%9n3-603
6. NNSBATp06-00S
6.1213430490-004
6.241370I014+(03
6, 28661577443-C04
A, 4961179987003
AL63145590734-(G03
€,772%435414-C03
4. Q167297 /43-C03
7.073589R59C-003
7,2343156302-0048
L40757176066<-003
LSTRACYPNRE-00Y
L7628%957472-003
9977474522004
8,1617834(19-¢03
A YI74%75%R420-003
R 4N29eY9114-C04
8, Re1941794806-CN3
9."045¢81944-004
G.l070%5%4812-002
G. 64575 31912-003
G.Car143%410-003
1.N268(%719¢-C012
1.M610235141-(02
1.M9%26c115%0-C02
1.138821n4R8-CN¢
1.17P92304832 - C02
1.,2242¢07d91-C02
1.27322¢8mRg-(0¢

~ d - 8

SIN(1/X)

2.1490R885245«004
=1,0243733414-005
1.5077646821-009
-1,8468816311~004
“8,176276255+-005
~3,9166R6326U-004
2.1455052774-906
-8,3513441496-007
1.,1254008835-004
~9.,0987305157-007?
“6.9291007260-006
1,6475331383-008
~9.94R86197339e00Y
1.1244172534-005
7.0021R36961-005
2.0988605786-004
2.4481041811-004
~1.6478938050+005
~2.0030393731-005
4,4779409874-007
~R,0076595789-006
.7483079580-007
6.,9748522890-n0%
1.4991408701+006
1.073855962%-004
=7.9983144861-00?
-1,9697789125.0006
4,2551280952-006
6.,9400994107-007
1.6471629518-006
~5,0897035036-907
-5,9965A19547-005%
-2.%541777943.007
-1,4908969697.004
7.59194693636-0086
1.3659880128.004
-46,721555%2774.007
2,9698348773.004
-4,1691094161-00%
-8,.5%1A%95%49R9.0006
~7,85774574R2.900
2.173806N0083.00%
1.5711702872.006
1.9633700360.007
-1.75731491644007
?.105932n96G.007
-5.9985557918.004
<1.N031931%73%-009
4,0b63040497%004
-, 464836n0851-00%
-8,1953744%863<00%
7.1035498832-009
«1.277427%897<n00
-1, 1304R09571~nh4
P.902ATA85022-006
n,3190645312-0C"

A-11

(17x)/7F ]

2586.0C0
635.0C0
632.0€0
449.0C0
338.0c0
287.0C0
278.0CQ
255.0¢C0
222.0L0
161.0¢0
154.0¢0
151.0¢00
140.0C0
135.0c0
112.0¢9
103.0¢€0
98.0C0
91.0C0
88.0€0
835.0C0
78.0C0
65.0(0
62.0€0
59.0C0
58.0C0
55.0¢0
b4.0€0
53.0c0
$2.0C0
51.0€0
50.0¢0
4%.0C0
48,.0€0
47,0¢C0
45.0C0
45,0€0
44,000
43.0C0
42.6C0
41,00
40.0(C0
39.0C0
38.0¢0
37.0C00
38.0C0
3v.0c0
Jea.CCO
33.0c¢C
32.0¢00
31.9090
30.0¢00
29.0¢0
28.0C0
27.0¢€0
26.¢0C0
25.0C0




1
1
1
1
1
1
1
1
1
2
2
2
2
?
3
A
A
4
5
]
7
1

1
2

8.0

C262504993-002
LIAR9506n40€-002
.44A8€31136-00¢
.515761%547-002
,59154947725-002
6753044592002
L7683F082711-002
L87241270%8-002
,980426R018-002
,1270€09391-C02
L,7736€14536-002
LA4BBC 7R .002
L 6525837247002
,A9274000R5-002
L.1831022056-C02
SIATET71674-002
.978883n071-002
,54725244RG-002
L3C5168+926-002
L36A2016117-002
L9577506456-002
LNe10332581-001
. %561549A842-001
,18306804R2-001

TEMARKS

3.9657666696-005
N,29781873%g-007
?2.5995541364+007
R,4384544773.006
-1.6415459126<006
-3,8234935142-004¢
-4,6319002506-007
4,6053147162.00%
-3,3347425272.007
«1,1034N0335355.004
-3,7546624037.004
3,3811357182-00¢
-1,9042347792.005
1.7591417583-004
«3,3004473891~005
8,5173788376.005
-5,9563698214-005
4,0432019156«005
-1.26485425068-005
9,5932071584-006
-5.576(0536481+006
2.7021185983-006
~9,2097184435.007
8,5221142264-008

A-12

24.0(0
23.0¢C0
22.0¢0
21.0C0
20.000
19.0¢€0
18.0¢€0
17.000
16.0¢0
15,000
14.0¢0
13.0¢0
12.0€0
11.000
10.0€0
v.0€0
8.0C0
7.0¢0
6.0€0
5.0¢0
4.000
J.oco
2.000
l1.0€0

S kst et Fhn A A




ADDENDUM B

PROGRAM BRIEF

TITLE. Real Zeros of a Single-Valued Function
IDENTIFICATION NAME. DO-NRL-FCNZERO
PROGRAMMING LANGUAGE. 3600 FORTRAN

COMPUTER AND CONFIGURATION. CDC-3800

| PROGRAMMER. Janet P. Mason, Code 7813
Harold L. Toothman, Code 4319H

NRL ORGANIZATIOK. Mathematics & Information Sciences Division
Research Computation Center
Code 7813

(. DATE. 15 January 1968

; PURPOSE., To find the real zeros of a single-valued function of: one real
; variable by & modified Method of False Position. : :

PROGRAM STATUS. Complete

e v e K e s

B-1




ADDENDUM ©
CQ-Qp LIBRARY FROGRAM AB3STRACT COVER SHEET (SUBMITTAL FORM)

CATALOG IDENTIFICATION :

DO-NRL-FCNV.LRO

REVISION :

TITLE (DESCRIPTIVE} :  __ Real Zeros of 8 Single-Valued Function

SOURCE LANGUAGE(5)

AND DIALECT(S) : 360C FORTRAN

OPERATING SYSTEM
AND VERSION : DRUM SCOPE Versiop 2,0

COMPUTER & CONFIGURATION : (DC-3800

exclusive of computer
1020

CONTRIBUTING ORGANIZATION :

Janet P. Mason, Code 7813
SUBMITTOR/PROGRAMMER : H. L, Toothmap, Code 43195 REVISOR :

DATE WRITTEN : ORIGINAL _ 15 Japuary '68 REVISION

PROGRAM MATERIAL :

WRITE-UP PAGE COUNT :

SEQUENCED SOURCE-CARD COUNT : 119

M/T RECORD COUNT : P/T RECORD JOUNT :

OTHER AVAILABLE DOC!"{ENTATION :

prmr——— ———
ORIGINAL / REVISED PROGRAM CATALOG ABSTRACT :

A subroutine to find -he real zeros of a single-velued function of onme
real varisble by a modified Method of False Position.
Ent»v point: FCNZERO

NATURE OF REVISION (OR ADDITIONAL INFORMATION) :

W

For Completion by Distribution Agency :
Original /Previous Revision : UGN Page Accessed
Latest Revision : UGN Page

Accessed
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